Experiments were performed with mature embryos of four rice mutants for in vitro callus induction and plant regeneration. Different concentrations of 2,4-D and BAP combined, Kn and NAA combined and MET were used to assess their effects on induction of callus, shoot and roots. Given concentrations of 2,4-D with BAP and rice mutants in vitro cultures showed that Y-1281 and Atomita-4 had produced the highest percentages of callus at 2 mgl -1 2,4-D with 0.5 mgl -1 BAP in both light and dark conditions. Similar results were obtained in terms of concentrations and genotypes when 2,4-D and BAP were used together. Combined 2,4-D and BAP treatments showed significantly higher callusing under light conditions (90%). For shoot and root regenerations, once again the mutant genotype Y-1281 produced the highest percentages of shoots and roots and it also showed highest root length. And 11 mgl -1 2,4-D, 0.5 mgl -1 NAA combined and 2.5 mgl -1 MET concentration resulted significantly the highest shoot and root regeneration.
Introduction
Rice (Oryza sativa L.) is the most important world wide cultivated cereal crop belongs to the family Graminae. It is the world's most important food crop and a primary food source for more than a third of world's population. It is the staple food here in Bangladesh. For its importance, much emphasis has been placed on its improvement involving biotechnology (Khush, 1984; Toenniessen, 1990) . Tissue culture technology had opened new avenues of research and has become an important alternative of conventional propagation procedures for the plants. This technique is being used as an adjunct to traditional means in crop improvement (Khan, 2000) . The potential for genetic improvements of monocots especially of rice through tissue culture including somatic hybridization has recently been applied (Kyozuka et al., 1987) . Many workers have regenerated complete plants from calli derived from embryos, anthers, shoot and root explants (Bajaj, 1991; Elhag et al., 1992) . Some of the regenerated plants showed somaclonal variability in r1 generation (Lutts et al., 2001) . Induction of callus from rice embryo is pre-requisite for initiation of embryogenic cell suspension as a source of protoplasts for transformation and somatic hybridization experiments as well as in vitro selection for biotic and abiotic stresses. The present study was undertaken to assess the callus induction ability and plant regeneration of the potential four rice mutants and identify root induction capacity in MET treated medium.
Materials and Methods
The experiment was performed during the period from March to November, 2006 at the Tissue Culture Laboratory of Plant Breeding Division, Bangladesh Institute of Nuclear Agriculture, Mymensingh. Mature rice embryos of the four rice mutants TNDB-100, RD-2586, Y-1281 and Atomita-4 were used as explants for callus initiation and subsequent regeneration. MS (Murashige and Skoog, 1962 ) medium used as basal medium. Different concentrations of 2, 4-D (1.0, 2.0, 2.5 and 3.0) with 0.5 mgl -1 BAP was used for callus induction in light and dark. Kinetin (Kn) (0.0, 2.0, 4.0, 6.0, 8.0,10 and 11 mgL -1 ) with 0.5 0 mgl -1 NAA was used for shoot regeneration and MET (1.0, 1.5, 2.0, 2.5 and 3.0 mgL -1 ) for root induction with organogenesis Mature seeds of four rice mutants were dehusked manually and then washed thoroughly in running tap water. For the surface sterilization of these dehusked seeds were immersed with 0.1% HgCl 2 solution for 10-15 minutes followed by 4-5 times rinsed in distilled water to remove traces of HgCl 2 . Sterilized mature seeds were cultured directly in MS medium supplemented with different combinations of hormones (2,4-D and BAP) for induction of callus. The calli of convenient sizes were removed and then subcultured to a freshly prepared medium for shoot differentiation. After that 3-5 cm shoots were separated aseptically from each other and transferred to freshly prepared rooting medium. The plantlets with sufficient roots were then taken out from the culture vessels and then transplanted to small pots containing sterilized ground soil mixed with cowdung. After 10-12 days acclimatization the plantlets were transferred to the field condition where they developed into mature plants.
The culture vessels with inoculated explants were incubated both in dark and light in a temperature controlled growth room (25±2 
Results and Discussion
Induction of Callus Effect of hormone: Concentrations of 2.0 mgl -1 2, 4-D + 0.5 mgl -1 BAP produced the highest percentages of callus in both light and dark conditions (Table 1 ). In contrast, concentration of 1.0 mgl -1 and 3.0 mgl -1 2,4-D + 0.5 mgl -1 BAP had produced significantly the lowest and lower callus percentages under both conditions. This is in partial conformity with Deng et al. (1998) , Liu et al. (2001) and Luo et al. (2004) who also observed slightly better calli that well grew in the light than in the dark condition.
Variation among the mutants: The mutants Y-1281 and Atomita-4 showed significantly the highest and the second highest order of callus percentage under both light and dark conditions, although there existed significant differences from each other (Table 1 ). In contrast, TNDB-100 showed the least percentages of callus induction. Interactions between mutants and hormone: The mutant Y-1281 and Atomita-4 had produced the highest numbers and percentages of callus at 0.5 mgl -1 2, 4-D plus 0.5 mgl -1 BAP in both light and dark conditions. In contrast, TNDB-100 and RB-2586 produced significantly the least number and percentage under light and dark conditions (Table 2) .
Variations among the mutants:
Of the different mutants, Y-1281 produced the highest shoot percentages (69.50) and this was ranked equal statistically with Atomita-4 for shoot percentage (68.10) (Table 3) Contrarily, TNDB-100 produced the least shoot percentages (54.6). However, the rest of the two mutants captured intermediate positions for shoot numbers and percentages. In a column, figures with same letters did not differ significantly
Shoot regeneration
Effect of kinetin: Among the different concentrations, 11 mgl -1 kn + 0.5 mgl -1 NAA had produced significantly the highest shoot percentages (82.5) ( Table 3 ). In contrast, concentration of 2 mgl -1 1 kn + 0.5 mgl -1 NAA produced the least percentages (63.33) of shoot. This results corroborate with the results of Zhang et al. (2002) who also observed differential number and percentages of shoot initiation in their studies with different concentrations of kn +0.5 mgl -1 NAA. Interaction between kinetin concentrations and rice mutants: The interaction effects between mutants and concentrations of kn showed highly significant differences (p>0.01) for percentages of shoots. The mutant Y-1281 and Atomita-4 had produced significantly the highest percentages of shoot at concentration of 11 mgl -1 kn (Table 4) . In contrast, RD-2586 and TNDB-100 had produced significantly least percentages of shoot in all kn concentrations apart from concentration of 11 mgl -1 kn +0 5 mgl -1 NAA. The results of mutants with that of kn concentrations agrees with the results of Yoshida and Oosato (1998) who also observed varietals differences versus kn concentrations. MET produced significantly the highest root percentages (76.66) and length (2.77 cm) of roots (Table 5 ). In contrast, concentration at 1.0 mgl -1 MET had produced the least percentages (48.33) and length (2.25 cm) of roots. Similar trend of results was reported in this same line that 2.5 mgl -1 MET concentration appeared well for root induction media by Ahmed (2004) .
Variation among the mutant:
Of the different mutants, Y-1281 produced the highest root induction percentages (67.33) and root length (2.92 cm) while showing indifferences with Atomita-4 and RD-2586 in root percentage. Contrarily, TNDB-100 produced significant least root induction percentages (57.33) and despite TNDB-100 had similar rank with RD-2586 length (2.25 cm) ( Table 5) .
Interactions of MET and rice mutants on rooting:
Interaction effects between mutants and concentrations showed significant differences in root percentages and root length. In mutants varieties Y-1281 and Atomita-4 had produced comparatively the highest percentages at 2.5 mgl -1
MET concentration (Table 6 ). 
Establishment of Plants
After sufficient development of shoot and root systems, the small plantlets were taken out from the culture vessels with proper care without damaging the roots. The plantlets were then transplanted in small pots. When the plantlet grew to a height of 8-10 cm, then were transferred to plastic pots. The growth condition and the tillering capacity of plantlets were satisfactory. The pots with the established plants were then kept in natural condition, allowed them to grow up to maturity with proper care. The survivability of the plant was 95%. 
